ABSTRACT >> A new methodology of guided wave based nondestructive testing (NDT) is developed to detect crack damage in civil infrastructures such as steel bridges without using prior baseline data. In conventional guided wave based techniques, damage is often identified by comparing the "current" data obtained from a potentially damaged condition of a structure with the "past" baseline data collected at the pristine condition of the structure. However, it has been reported that this type of pattern comparison with the baseline data can lead to increased false alarms due to its susceptibility to varying operational and environmental conditions of the structure. To develop a more robust damage diagnosis technique, a new concept of NDT is conceived so that cracks can be detected without direct comparison with previously obtained baseline data. The proposed NDT technique utilizes the polarization characteristics of the piezoelectric wafers attached on the both sides of the thin metal structure. Crack formation creates Lamb wave mode conversion due to a sudden change in the thickness of the structure. Then, the proposed technique instantly detects the appearance of the crack by extracting this mode conversion from the measured Lamb waves even at the presence of changing operational and environmental conditions. Numerical and experimental results are presented to demonstrate the applicability of the proposed technique to crack detection.
Introduction
There has been an increasing demand in using Structural For instance, structural defects typically take place long after the initial baseline are collected, and other operational and environmental variations of the system can produce significant changes in the measured response, masking any potential signal changes due to structural defects.
As an alternative that can overcome the drawbacks of the conventional NDT methods, a new concept of NDT technique, which does not rely on previously obtained baseline data, is proposed for crack detection. In a thin elastic medium such as a metal plate, the formation of a crack causes the conversion of the propagation waves to other modes. In this paper, a technique that can isolate this mode conversion is developed using the poling directions of piezoelectric materials such as Lead Zirconate
Titanate (PZT). The uniqueness of the proposed crack damage detection technique is that this mode conversion due to a crack is instantly identified without using prior baseline data. By removing the dependency on the prior baseline data, the proposed damage detection system becomes less vulnerable to operational and environmental variations that might occur throughtout the life span of the structures being monitored.
This paper is organized as follows. First, the polarization process of crystalline materials is briefly described. Then, (3) ). In some natural ceramic materials such as quartz, crystal cells that behave similarly to electric dipoles are oriented along the crystal axes. However, other crystalline materials often have random orientation of the dipoles at the initial state, and they are polarized during a thermal poling process. of a piezoelectric material as well as its electrical characteristics is governed by the poling direction of the material. (2) In the next section, the influence of the poling direction on Lamb waves is discussed.
The Effect of PZT Poling Directionality on Lamb Wave Propagation
In this section, it is investigated how the phase of a Lamb wave mode changes depending on (1) This idea of using the PZT poling directionality in Lamb wave propagation is not a completely new idea.
However, the majority of the past work has focused on selective generation of S 0 and A 0 modes. 
Extracting Mode Conversed Signals Due to Crack Damage Using a PZT Poling Direction
In this subsection, the PZT polarization characteristic is further advanced so that the mode conversion due to crack formation can be detected without using any prior baseline data. First, the effect of a crack on Lamb wave modes is described. If Lamb waves propagating along a thin plate encounter a discontinuity, some portion of the waves are reflected at the discontinuity point and others are transmitted through it. When a S0 mode arrives at the notch as shown in Figure 5 , it is separated into S 0 and A0 modes (denoted as S0/S0 and A0/S0, respectively). In a similar manner, an A0 mode is also divided into S0 and A 0 modes (S 0 /A 0 , and A 0 /A 0 ). This phenomenon is called mode conversion. (9) When the plate is in a pristine condition and four identical PZTs are instrumented as shown in Figure 6 (a), it can be shown that signal AB becomes identical to signal CD as illustrated in Figure 6 (b) (Park et al. (10) ).
Here, signal AB denotes the response signal measured at PZT B when the excitation is applied at PZT A, and signal CD is defined in a similar fashion. However, signal AB is no longer identical to signal CD [ Figure 6 (c) and ( <Figure 5> A schematic diagram of mode conversion and reflection due to a discontinuity on a plate.
rather than comparison with previously recorded reference data, it is expected that this approach reduces false alarms of defect due to changing operational and environmental variations of the system. For instance, it can be readily shown that temperature change of the system does not affect this approach.
Development of a Filter Technique to Address Variations in PZT Size, Alignment and Bonding Condition
In the previous subsection, it is shown that signals AB and CD are indistinguishable when there is no crack 
Numerical Simulation
The idea of using the PZT polarity for crack detection 
Experimental Results

Description of Experimental Setup
To further examine the proposed reference-free NDT Detailed test results are described in Section 4.2.
Crack Detection
In Figure 16 
Conclusion
A new concept of nondestructive testing is developed in this study so that crack formation in a thin metal 
